Study Design. A retrospective study to evaluate the clinical outcomes of a novel surgical method for treating patients with lumbar spondylolysis. Objective. The aim of this study was to investigate the effectiveness of posterior ISOBAR TTL stabilization of the lumbar spine with direct pars repair using Wiltse approach for the treatment of lumbar spondylolysis with or without slight spondylolisthesis and discuss the indications of this surgery. Summary of Background Data. Surgical treatment of lumbar spondylolysis has yielded relatively good results. However, there are still many limitations of the current surgical methods, including, adjacent level degeneration, restricted indications, and soft tissue damage. Methods. Between August 2010 and January 2013, 13 (9 males and 4 females; mean age: 28.2 yrs), patients with lumbar spondylolysis with or without slight spondylolisthesis underwent posterior ISOBAR TTL stabilization of the lumbar spine, with direct pars repair via Wiltse approach. All patients were followed up for at least 24 months at outpatient visits or telephonically. Pre-operative and postoperative radiological assessments included anteroposterior, lateral and flexion extension radiographs, 3-dimensional reconstruction computed tomography (CT), and magnetic resonance imaging (MRI). Data pertaining to intraoperative blood loss, duration of operation, visual analog score (VAS), Oswestry disability index (ODI) scores, and other assessments were collected. Results. The median follow-up duration was 36 months (range, 24-53 months). Surgery was successful in all patients with no complications; bony fusion of pars was confirmed on CT scan at postoperative 2 years. Significant pain relief was achieved in all patients including those with discogenic pain, those >30 years of age, and those with severe disc degeneration (P < 0.01). Conclusion. We evaluated a new surgical technique for the treatment of patients with spondylolysis with or without slight spondylolisthesis. Besides the good clinical results, the indications for this new surgery are much wider and can potentially overcome the limitations of earlier techniques.
S
pondylolysis is characterized by a unilateral or bilateral defect of the pars interarticularis. 1 The estimated incidence of spondylolysis is between 3% and 10% in general population. [2] [3] [4] Although up to 70% of spondylolysis will eventually evolve into spondylolisthesis, most cases only develop a slight degree of spondylolisthesis. 4 Patients with spondylolysis usually present with low-back pain and occasionally leg pain. Conservative treatment that includes modification of physical activity, physical therapies, and bracing is usually the initial treatment. Conservative treatment can alleviate symptoms in most patients with spondylolysis. However, surgery is indicated in patients with intractable pain or neurological complications. 5 
From the
The traditional operation involving posterior or posterolateral fusion of the affected segment results in loss of mobility at the fused level and tends to accelerate adjacent-level disc degeneration. 6 Due to these disadvantages, direct repair is considered as a less aggressive substitute for treatment of low-back pain caused by spondylolysis. Buck's technique, Scott's technique, direct intralaminar screw, and various modification surgeries are among the various techniques employed for this purpose. [7] [8] [9] [10] Compared with conventional fusion surgery, direct pars repair is associated with a reduced risk of degeneration at the adjacent level. However, these procedures can merely resolve the pain originating from pars interarticularis and may not achieve good long-term clinical results in older patients. The threshold of age is usually between 20 and 25 years. Owing to these limitations, the indication for direct surgical repair is usually limited to following criteria: (1) spondylolysis with or without grade 1 spondylolisthesis; (2) low back pain without neurological symptoms in the lower extremities; (3) age <25 years; (4) inadequate response to conservative measures for at least 6 months; and (5) no obvious disc degeneration at the spondylolysis level or at the adjacent level. [11] [12] [13] In conventional lumbar posterior approach, the spine is accessed via a midline incision, which can cause injury to back muscles and ligamentous structures resulting in postoperative back pain, prolongation of the recovery period, and damage to spinal function. 14 Minimally invasive approach is an alternative approach that can resolve these issues. Studies have shown that injury to paraspinal muscles could significantly decrease with the Wiltse approach. 15, 16 Conventional posterior pedicle screw fixation is a type of rigid fixation that is considered to have an increased risk of adjacent segments degeneration. Dynamic stabilization was developed to reduce this risk. ISOBAR TTL is a semi-rigid, dynamic stabilization system that allows for a certain extent of mobility at the level of fixation, reduces the load on the discs and facet joints, and theoretically, should slow the degeneration of adjacent levels. 17 In this study, we initially apply a novel surgery, that is, posterior ISOBAR TTL stabilization of the lumbar spine combined with direct pars repair via Wiltse approach to treat spondylolysis. The purpose of the study was to investigate the efficacy of this novel technique in terms of pain relief and clinical outcomes. Further, the indications for this surgery are discussed.
MATERIALS AND METHODS
Between August 2010 and January 2013, 13 patients (9 males, 4 females) underwent posterior ISOBAR TTL stabilization of the lumbar spine with direct pars repair via Wiltse approach for the treatment of patients with lumbar spondylolysis with or without minor spondylolisthesis. Inclusion criteria were (1) bilateral lumbar spondylolysis with or without slight spondylolisthesis, spondylolisthesis not more than grade 1 according to Meyerding classification; (2) low back pain without neurological symptoms; (3) lack of response to at least 6 months of conservative treatment; (4) availability of follow-up data up to at least 2 years after surgery. Exclusion criteria included (1) severe osteoporosis; (2) fracture of vertebrae; (3) scoliosis; (4) significant spinal instability; (5) low back pain not explained solely by spondylosis and degenerated disc, such as cases suggestive of ankylosing spondylitis, muscular fatigue injury, and so on; (6) patients with psychological disorders. This study was performed with the approval of the local ethical committee.
Pre-operative radiological assessments included anteroposterior, lateral and flexion-extension radiographs, and 3-dimensional (3-D) reconstruction computed tomography (CT) and magnetic resonance imaging (MRI). The segmental instability was evaluated in flexion-extension radiographs by the criteria (>3 mm of translation or >10 degrees rotation). The diagnosis of lumbar spondylolysis was confirmed by pre-operative CT. The level of disc degeneration was assessed by MRI using the Pfirrmann Grading Systems 18 ( Table 1 ). All patients also underwent anteroposterior and lateral radiography at 6, 12, and 24 months postoperatively, MRI at 12 months postoperatively, and 3-D reconstruction CT at 24 months postoperatively. Bony fusion in pars was evaluated by CT. The level of the adjacent segments degeneration including L3/4 (2 cases), L4/5 (11 cases), and L5/S1(2 cases) was evaluated preoperatively and at final follow-up, based on the most severe radiographic finding evident on plain radiographs according to UCLA Grading Scale (University of California at Los Angeles Grading Scale, Table 2 ). All images were independently evaluated by an orthopedic surgeon and a radiologist. All patients were followed up for at least 24 months during outpatient visits or telephonically; Oswestry disability index (ODI) questionnaires were used for functional evaluation, whereas the low back pain was assessed with visual analog scale (VAS). Pre-operative location of pain was assessed by the below-mentioned procedure: At first, the low back pain was assessed by injection of local anesthetic into the pars. 19 In the event of significant pain relief, the source of the pain was confirmed to be the defect of the pars. If the pain continued to persist at least partly, the extent of pain relief was recorded, and the possibility of discogenic pain was evaluated by MRI. If the disk of the surgical segment appeared abnormal (i.e., Pfirrmann Grade II to V), then discography was performed to confirm the source of pain. 20 The spondylolosis and degenerative disc could totally explain the origin of most of the low back pain, which means that low back pain could be significantly relieved, after the 2 diagnosis treatments mentioned above. Further, data on gender, age, average follow-up duration, blood loss, and duration of operation were collected.
Pars Injection Test
Under fluoroscopic guidance, the needle was inserted directly into the pars defect and 1 mL mixture of lidocaine along with triamcinolone was injected. In the event of significant pain relief lasting for a minimum of 12 hours, the test was considered as positive.
Provocative Discogenic Pain Tests
Contrast agents were injected into the disk, and the pattern of dye permeation was observed. If the typical pain was triggered, the location was determined by inquiring from the patient the precise location of the pain and whether it coincided with the site of injection. In the event of a positive answer, the anesthetic was injected at the same disc level, and ideally complete resolution of pain is expected. A control test was also carried out in the adjacent normal disk, which should be negative. Overall, a positive provocative discogenic pain test involved 2 parts: (1) the typical pain triggered by test should subside after injection of local anesthetic; and (2) control test on the adjacent normal disk should be negative.
Surgical Procedure
The patient was placed in a prone position under general anesthesia, and the location of surgical segment was identified with fluoroscopy. Using the Wiltse paraspinal musclesplitting approach, 4 cm long bilateral, longitudinal incisions were made along the outside margins of the pedicle. After incising the skin and fascia, an approach was developed between the multifidus and longissimus muscles. With the help of a retractor, this pathway to the pars and pedicle was progressively enlarged by blunt dissection between the 2 muscles ( Figure 1 ). The pseudoarthrosis tissue in the pars defect area was removed and the sclerotic bone at the site of defect was carefully curetted. 
Grade is based upon the most severe radiographic finding evident on plain radiographs, þpresent; Àabsence; þ/-either present or absent. Figure 1 . With the help of a retractor, an approach is developed and enlarged by blunt dissection between the multifidus and longissimus muscles in the illustrative case.
Autogenous cancellous bone graft was obtained from the iliac bone and placed in the pars defect. Pedicle screws were then bilaterally inserted without damaging the facet joints under fluoroscopic guidance. Dynamic rods were placed and compressed to maintain segmental lordosis, and the rods were locked in position. Two drainage tubes were inserted bilaterally before closure of the incisions.
Illustrative Case
We present the case details of a 33-year-old female patient (case 1) who had been suffering from gradually increasing low back pain for longer than 10 years (Table 1) . The patient was diagnosed as L5 bilateral spondylolysis with grade I spondylolisthesis and spina bifida occulta at S1. X-ray and CT radiographs showed a defect of bilateral pars and a mild slippage of L5 vertebrae; CT also showed a dysplasia laminar of L5 vertebrae ( Figure 2 ). The degeneration of L5/S1 disc was evaluated as grade IV on MRI using the Pfirrmann grading, and presented a low signal of L5/S1 disc ( Figure 3 ). The pain was not significantly relieved after pars injection test; however, the provocative discogenic pain test was positive. As a 9-month long conservative treatment had failed to relieve pain, surgical treatment was conducted using the method described above. Postoperative x-ray and CT radiographs at 1 week confirmed that the ISOBAR TTL stabilization was in the right position (Figure 4 ). Radiography was performed to assess the bony fusion and ISOBAR TTL position at postoperative 6, 12, and 24 months ( Figure 5A-C) . CT and MRI were also performed to assess bone fusion condition, the condition of disc, and the back muscles at postoperative 12 ( Figure 5D ) and 24 months ( Figure 5E ). Pre-operative VAS and ODI scores were 7 and 54 points, respectively. At the last follow-up examination, the VAS and ODI scores were 1 and 8 points, respectively, indicating significant pain relief.
Statistical Analysis
All data are presented as mean AE standard deviation. The preoperative and last follow-up visual analog scale (VAS) and Oswestry low back disability questionnaire (ODI) were used for the assessment of pain and functional capacity and analyzed with paired t test. Statistical significance level was defined as P < 0.05.
RESULTS
Our study included 13 patients (9 male, 4 female) with a mean age of 28.2 years (range, 14-49 yr). Patient characteristics are summarized in Table 3 . The findings at the last follow-up visit are summarized in Table 4 . The median follow-up duration in our study was 36 months (range, Figure 2 . Pre-operative X-rays and CT scans demonstrate a mild slippage of L5 vertebrae, defects of bilateral pars, and dysplasia laminar of L5 vertebrae.
24-53 months)
. The level of spondylolysis in most patients was located at L5 (11/13). The operation time was 65 AE 12 minutes and intraoperative blood loss was 70 AE 65 mL. Surgery was successful in all patients with bony fusion of pars confirmed by CT scan at postoperative 2 years. Significant pain reduction was observed in all patients, including discogenic patients; no complications occurred. The mean improvement in VAS and ODI scores Figure 3 . MRI shows the degeneration extent of L5/S1 disc as grade IV according to Pfirrmann grading system, decreased height of intervertebral disc, and hypointense disc. was 82 % and 83 %, respectively. The VAS and ODI scores were 3 and 24 points, respectively, in only 1 patient, which, nonetheless, represented significant amelioration of pain compared with the pre-operative scores. The level of the adjacent segments degeneration including UCLA I grade (13 levels) and UCLA II grade (2 levels) at the final follow-up were same to pre-operation and no adjacent degenerative disease was observed.
DISCUSSION
Spondylolysis mostly occurs in children, adolescents, and young adults. 21 The etiology of spondylolysis is complex and several factors are involved, including hereditary predisposition, erect ambulation, and dysplasia of pars interarticularis. 22 The most probable mechanism of spondylolysis is repeated microtrauma causing a defect in an underlying dysplastic pars interarticularis, followed by a stress fracture of the pars resulting in spondylolysis. 23 During daily activities, the stress on the segment in a normal spine increases considerably from L1 to L5, with the greatest stress concentrated at L5, 24 which may explain the occurrence of more than 90% of cases at the L5 level. 25 In the past, posterior fusion with or without instrumentation was considered as an effective treatment for spondylolysis and spondylolisthesis in patients not responding to conservative therapy. 26 Conventional posterior fusion usually employs a pedicle screw rod system, which is a type of rigid fixation. The procedure afforded pain relief and conferred enough stability to the involved segments of spine. Despite the good short-term results, fusion of the spine in conventional surgery tends to increase the stress on adjacent segments, and in some cases, additional surgery may be required at a later stage. 27 Due to this limitation, fusion surgery for treating spondylosis is regarded by many as being too aggressive; several authors have proposed a more moderate surgical approach that affords direct repair of the defect of pars in patients with spondylolysis. [28] [29] [30] Many reports have shown that a minimally invasive approach can preserve the motion besides protecting against the dissection of lumbar spine. Moreover, up to 25% of spondylolisthesis does not influence the clinical outcomes in patients undergoing direct repair surgery. 31, 32 The procedure for direct pars repair usually involves grafting autologous bone from the iliac crest, and several stabilization techniques, including tension band wiring, use of a single screw or screw-hook system, and other modified techniques, have yielded satisfactory results. 5, 9, 21, 22, 33 However, direct pars repair can merely resolve the pain originating from the area of spondylolysis, while having no effect on discogenic pain. 34, 35 Even only for the treatment of pars pain, degenerative disc disease including the surgical segments and adjacent segments is the major reason causing the failure of direct repair of spondylolysis. Therefore, degenerated intervertebral disc or facet joint is a contraindication for direct repair. In such cases, preoperative localization of the pain source by injection of local anesthetic in the defect area should be carried out routinely, and pars repair is indicated only if the back pain is originating from the pars defect. [36] [37] [38] The risk of disc degeneration is relatively high in older patients, with several studies demonstrating poor results in patients >25 or 30 years of age. Therefore, direct repair is generally not considered in patients aged >30 years or in patients with signs of severe disc degeneration on preoperative MRI. 12, 15 All these factors, to a large extent, limit the indications for direct pars repair surgery.
In this study, we evaluated a novel surgical approach to treatment of spondylosis that involves posterior ISOBAR TTL stabilization of lumbar spine with pars repair via Wiltse approach. This new technique benefits from the advantages of pars repair and provides for dynamic stabilization of the spine. Direct pars repair benefits patients in whom the pars defect itself is the source of pain. Moreover, ISOBAR TTL system can theoretically avoid the problems associated with conventional posterior rigid fixation, most notably, the degeneration of the adjoining segment. As ISOBAR TTL is a form of semi-rigid, dynamic, and screw rod fixation system, compared with rigid fixation, its theoretical merits include preservation of some mobility and maintenance of the height of intervertebral space, obtain a physiological load transmission, and reduce the incidence of adjacentlevel degeneration. 39, 40 In this study, no adjacent segment degeneration developed that may also be due to the relatively short follow-up time; we would investigate the effect of preventing adjacent segment degeneration in a longer term follow-up period. As mentioned before, direct pars repair is not appropriate for the patient old than 30 due to the high risk of disc degeneration. With the surgery combined ISOBAR TTL stabilization, these restrictions may be eliminated by the property of dynamic fixation that prevents disc degeneration. In the present study, 4 subjects were >30 years of age (including two 49-year-old patients), with the disc degeneration level in these 4 patients being higher than Pfirrmann grade II. In all 4 patients, good results were achieved with this novel approach, including significant improvement in VAS and ODI scores at the last followup examination (P < 0.01, Table 5 ). These results were comparable with that achieved in the younger patients.
The protective effect of this novel approach against disc degeneration in the longer term, however, still needs to be verified. Nonetheless, this new technique has promising prospects especially in older patients in whom direct pars repair may not be indicated.
Other than the age considerations, direct pars repair surgery also has other drawbacks. It can merely relieve the low back pain caused by the pars defect and offer no benefits in patients with discogenic pain. For treatment of discogenic pain, both surgery and nonsurgical treatment are largely ineffective. Moreover, lumbar spinal fusion showed only a minor benefit for back disability as compared with that with conservative treatment. 41 The inherent benefits of dynamic stabilization system offer a considerable advantage in these patients. Previous studies have shown that altering the transmission of abnormal loads via dynamic fixation can relive discogenic low back pain. 17 Because of the previous good results, we used ISOBAR TTL stabilization system in patients with discogenic pain, the results of which are comparable with that of previous studies. In our study, 4 patients had positive discogenic pain test that is a contraindication to pars repair surgery. In all 4 patients, use of posterior ISOBAR TTL stabilization of the lumbar spine and pars repair resulted in significant pain relief (P < 0.01, Table 5 ). The VAS and ODI scores at the final follow-up were 1 and 10 points, respectively, except in the case of a 49-year-old male in whom the VAS and ODI scores were 3 and 24 points, respectively. Regardless of the small sample size, this novel surgery offers an approach to resolve both pars pain and discogenic pain.
The new technique also avoids the difficulty of pars repair technique in some patients. Dysplasia laminar is difficult for screw-hook technique, as the hook cannot hold the dysplasia laminar tightly enough. The application of this novel surgery is performed as usual pedicle screw fusion; it can be applied despite the development of the dysplasia laminar. In the illustrative case, the patient underwent L5/S1 posterior ISOBAR TTL stabilization with L5 pars repair. We had 2 patients with dysplasia laminar at the involved segment, and the surgery was successfully performed in both of them with good clinical results and pain relief.
The conventional approach to posterior lumbar surgery requires extensive dissection of soft tissue while making an open traditional lumbar midline incision. The resultant iatrogenic injury often leads to intractable low back pain postoperatively, longer recovery time, and limitation of spinal motion.
14 In 1968, Wiltse initially performed spinal surgery through a paramedian incision, which opened a surgical approach via the space between the multifidus and longissimus muscles. This approach served to avoid damage to back muscles and ligamentous structures. Posterior bone ligament muscle complex plays an important role in maintaining the kinetics and stability of the spine. 42 Wiltse approach without stripping the muscles from the bone structure can significantly reduce injury to the multifidus muscle, provide direct access, and exposure of pars and facet joints, which facilitate placement of pedicle screws and pars repair. 16 We performed the surgery via Wiltse approach, and with the help of retractors, the incision is reduced to 4 cm. Comparison of postoperative MRI of patients operated via Wiltse and midline approach confirmed less damage to paraspinal muscles by the Wiltse approach, which is consistent with some earlier reports. 43, 44 This approach is also preferred in athletes who suffer from spondylolysis with or without low-grade spondylolisthesis. Preservation of motion segment and less damage of muscles favors good rehabilitation of athletic ability.
CONCLUSIONS
In this study, we present our experience with a novel technique involving posterior ISOBAR TTL stabilization of the lumbar spine with pars repair via Wiltse approach to treat spondylosis with or without slight spondylolisthesis. The good clinical results suggest that the technique could possibly be applied in a wider range of patients, and not just restricted to pars repair. Besides, Wiltse approach avoids iatrogenic injury to back muscles. However, due to the lack of a control group and the small sample size in our study, further research is needed to investigate the efficacy as well as the indications for using this novel approach. We think that this novel surgery can offer a potential option to treat spondylolysis in the future and is worthy of further investigation and improvement.
Key Points
P r e v i o u s s ur g e r y m e t h o d s f o r l u m b a r spondylolysis have many defects, including adjacent level degeneration, strict indications, and soft tissue damage. A novel surgery utilizing the merits of posterior dynamic stabilization, direct pars repair, and Wiltse approach is applied to overcome defects of previous surgeries. All patients have good clinical results in this study and the range of the surgery indication is more wider than mere pars repair surgery. 
